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Magnetic field fluctuations
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Let’s start from the beginning...

Magnetic field reversals (switchbacks)
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Solar wind speed vs. Ogr
(Ulysses polar passes 1994/1996)

Speed is larger when Bsr~90 than when the field is parallel (N) or antiparallel (S)
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Oscillations
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magnetic field polarities



Oscillations organized by the angle Bgr - 10 Days
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Correlation
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Rotations of B beyond 0=90° correspond to peaks in speed



Alfvenic fluctuations in the solar wind

Strong correlation between magnetic and velocity fluctuations
polarization of anti-sunward propagating Alfven waves
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Alfvenic fluctuations in the solar wind

Strong correlation between magnetic and velocity fluctuations
polarization of anti-sunward propagating Alfven waves

ALFVEN WAVES 1IN SoLAR WIND
] 1 1 1 1 | 1

- 0 Va

125 Tip of magnetic field vector
{= moves on a sphere

TIME (HRS)

Belcher & Davis 1971

|B|~const >




A simple model of Alfvenic fluctuations

|B|=constant

Alfvén waves Sun
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A simple model of Alfvenic fluctuations

|B|=constant

Alfven waves Sun Sun

speed decreses speed increases

Vsw =Vo+ OVR =Vo + Va[l-cos(0sr)]
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Observed and predicted distribution of OVr
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Typical fast wind profiles at different R
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Typical fast wind profiles at different R

Ulysses at € AU
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Typical fast wind profiles at different R
L'lyvsscs at 2‘AU
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V(km/s)

At 0.3 AU strong modulation of the speed
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Plasma motion and magnetic field rotation
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Plasma motion and magnetic field rotation
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Plasma motion and magnetic field rotation
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At 0.3 AU strong modulation of the speed
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At 0.3 AU strong modulation of the speed
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Alphas “surf” the turbulence
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Alpha particles surf the turbulence

alphas
o —

protons >
wave

Alphas stream in phase with the fluctuations
and thus do not oscillate!



lasma motion and magnetic field rotation
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Plasma motion and magnetic field rotation
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Plasma motion and magnetic field rotation
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Switchbacks
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Proton beams oscillate in anti-phase with When rotation of B is >90 core-beam is reversed
proton cores since usually: Vp>Va~Vq and core protons are faster than alphas
102 1518-1522 1847-1849

2221-2227 .2 1701-1705 2009-2016
preveprrrrrr e — T ' e Y 10 rerrprrerrrerepeers A
"
a N\ I ¢ core fe 4 ] " b Mcore d A
{ A\ T N T T 1 a o)
{ \ T/ IR ‘ 4 8
fo 1 { \—, beam ! Joy [
‘4 \ f % [ V) beam.; \ / "
" . r \ R \'n I’v' b! \
3 ¢ Pt ! \ I v i /,/ ,'
107 D + ) \ T “‘ 1) ] 10° / '. [ \
o : Af .: \ , " f “ 'o'
' ) ] 'y .
f ‘ 1 ‘. |y 3 ! ‘.
f 1 3 ) 'fl \ ’ ‘ ! |
f v R ‘ . fr 1
( ( L 'll v " I
4 - l.l "' ‘ .y |'
! alphas y y alphas : : .
i |‘ ° 'l
10‘ saadassaaaaaa lassaaaas Al aaadasiis alassssaaaalans aaaiaaaaaadeaas ’(;Al.“ 10-4 YT P Lasasszaaslass al s laaaaaaaaalaaiazaaan Lasas)
700 800 900 700 800 900 700 800 900 700 800 900
L, 1701-1705 2009-2016

700 800 900
Prgton Velocity, km/s



proton
< beam

S

alphas

®

S -

-->
proton core

proton core

-alphas

proton
beam



proton
< ) beam
‘4
alphas
%,
-~
proton core

proton core

)

proton

beam

N

-alphas

»

B

proton core

proton
beam



proton

S

alphas

®

-

- .- ’
proton core

proton core

proton
beam



proton core

proton core

)

proton

beam

N

-alphas

>

B

proton core

proton
beam



proton core

proton core

)

proton

beam

N

-alphas

>

B

proton core

proton
beam



proton core

proton proton core
<. beam
4 proton
beam alphas
O O—
alphas -alphas B

proton
beam

proton core B




proton proton core
<. beam
a4 proton
O Abe:m alphas
alphas proton core .;alphas B
' proton
w®_ beam
">

proton core B




Helios: using B data at high res!?
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Zoom in on a velocity spike
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Going beyond: use B data to reconstruct OV
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Conclusion

Helios data still offer us new results and unique view
of inner Heliosphere

Velocity enhancements up to 1000km/s at 0.3AU.
Closer to the Sun? SPP..

Short-living, high-resolution magnetic field show
spikes of few seconds

Consequence on particle measurements,
VDFs are not trivial to fit during large B rotations

Solar origin of spikes? Signatures of velocity shears in
the corona? Intermittent SVV acceleration?



